The health profile of Bangladesh has improved remarkably, yet gaps in delivering quality health care remain. In response to the need for evidence to quantify resources for providing health services in Bangladesh, this study estimates unit costs of providing the essential services package (ESP) in the notfor-profit sector. This study used a stratified sampling approach to select 18 static clinics, which had fixed facilities, from 330 non-profit clinics under Smiling Sun network in Bangladesh. Costs were estimated from the providers' perspective, using both top-down and bottom-up methods, from July 2014 to June 2015. In total, there were 1115 observations (clients) for the 13 primary care services analysed. The estimated 2015 average costs per visit were: antenatal care ($7.03), postnatal care ($4.57), control of diarrheal diseases ($1.32), acute respiratory infection ($1.53), integrated management of child illness ($2.02), sexually transmitted infections ($4.70), reproductive tract infections ($3.56), tuberculosis ($41.65), limited curative care ($4.30), immunization ($2.23), family planning ($0.72), births by normal delivery ($29.45) and C-section ($114.83). Unit costs varied widely for each service, both between individual patients and among clinic level means. The coefficient of variation for the 13 services averaged 66%, implying potential inefficiencies. In addition, 32.9% of clients were not offered any lab test during the first antenatal visit. The unit cost of essential services differed by the type and location of clinics. Ultra clinics, on average, incurred 37% higher costs than vital (outpatient type) clinics, and urban clinics spent 40% more than rural clinics to deliver a unit of service. The study suggests that inefficiency and quality concerns exist in health service delivery in some facilities. Increasing the volume of clients through demand-side mechanisms and standardization of services would help address those concerns. Unit costs of services provide essential information for estimating resource needs for scaling up the ESPs.
Introduction
The health status of the population of Bangladesh has improved remarkably since the country gained its independence in 1971. The maternal mortality rate declined from 399 in 2000 to 176 per 100 000 live births in 2015. The under-five mortality rate fell from 88 to 38 per 1000 live births, and the infant mortality rate dropped from 64 to 31 per 1000 live births in the same period (World Bank 2015) . The country is recognized as an exemplary case of 'good health at low costs' (Koehlmoos et al. 2011) . The long history of involvement of community and voluntary health workers, continuing engagement of non-governmental organizations (NGOs) in health care delivery, and remarkable improvement of literacy and economic development, along with the strong government commitment to health, are key contributors to this health improvement (Koehlmoos et al. 2011 , Chowdhury et al. 2013 .
As one of the key features of Bangladesh's health system, dynamic NGOs are an essential and integral component in delivering health services to a vast population , particularly to those residing in rural and remote areas and those who are unreachable by government facilities. Bangladesh's NGO sector has been flourishing, with a substantial increase in the number of NGOs which provide $60% of health-related services (Gauri and Galef 2005, World Bank 2005) .
Jointly funded by the United States Agency for International Development (USAID) and the United Kingdom Department for International Development (DFID), the NGO Health Service Delivery Project (NHSDP) supports the delivery of primary health care through a nationwide network of NGOs and NGO-supported clinics-Smiling Sun network. This network consists of 25 NGOs, attracting and providing health services to those who can pay while simultaneously extending its reach to the poor. Currently, the project has a network of 388 static clinics, 10 252 satellite clinics, and 7638 community service providers (CSPs) in all 64 districts of Bangladesh, serving $25 million populations, accounting for nearly 16% of total population of 159 million in 2014. 1 In spite of impressive achievement in reducing maternal and infant mortality rates in Bangladesh, gaps in health delivery remain; among them are the shortage of health professionals, lack of public health and policy expertise, and distribution bias towards urban areas (Ahmed et al. 2015) . There also exist poor quality of service in urban areas and unavailability and inaccessibility of services in remote areas. In addition, high out-of-pocket (OOP) spending on health keeps vulnerable populations from accessing timely and lifesaving health care. It was estimated that OOP constitutes 63.3% of total health spending in Bangladesh (Ministry of Health and Family Welfare 2015) . To address these gaps, the government of Bangladesh has endeavoured to strengthen the country's health delivery and financing systems (Adams et al. 2013) . It has identified strategic objectives that concentrate on resource generation, and improvement of equity, access and efficiency of the health delivery system to move the country towards universal health coverage (Ministry of Health and Family Welfare 2012) .
In response to the need for evidence to generate more resources and improve efficiency of service provision, this costing study examines the unit costs of providing the essential services package (ESP) that concerns mainly primary care services among NGO clinics supported by NHSDP. In Bangladesh, several costing studies on primary care services have been conducted (Ensor et al. 2003 , Routh et al. 2004 , Barkat et al. 2007 , Chankova et al. 2010 , Khan et al. 2012 . However, some studies were conducted >10 years ago (Ensor et al. 2003 , Routh et al. 2004 , Barkat et al. 2007 , and other studies did not explore NGOs, with one study focusing on public facilities (Chankova et al. 2010) and the other on community-based service delivery (Khan et al. 2012) . As the ESP delivered by the Smiling Sun network is similar to that offered by NGOs contracted to the government, the results of this study would provide valuable estimates of economic costs of delivering essential health services for other NGOs. The results would also help assess the performance of health facilities, inform policy makers to identify and address potential barriers of effective and efficient use of funding, and estimate resources required for scaling up services.
The objectives of this study are to (1) estimate unit cost of health services in the ESP provided through clinics in an NGO network; (2) examine cost variation by different characteristics of health facilities; (3) investigate cost drivers of delivering ESP and (4) explore determinants of the unit cost of health services.
Methodology

Costing perspective and time frame
This costing study was conducted from providers' perspective. Thus, costs incurred by patients and society, such as costs of transportation or due to loss of productivity, were excluded from the analysis.
In addition, as the study investigates the economic costs, rather than the financial costs, of delivering health services, costs of donated goods or labour, such as donated vaccination, contraceptives and equipment, no matter who pays for them, were included as a part of service delivery costs. The information on expenditure and resources (e.g. equipment) used to deliver services for each facility was collected for the period of 1 July 2014 through 30 June 2015.
Key services for costing
The ESP under NHSDP in Bangladesh focuses on, but is not limited to, maternal and child health services, which include immunization, antenatal care (ANC), postnatal care (PNC), reproductive health care and family planning (FP), limited curative care (LCC, such as treatment of cough, cold, fever, skin diseases and fungal infections), newborn care, communicable disease control and behaviour change communication. There are two types of static clinics which have fixed facilities in the NGO network: vital and ultra clinics. Both types of clinics offer ESP. Supplementary Appendix Table S1 provides a list of services provided by an NGO of the Smiling Sun network, as an example, to demonstrate differences between ultra and vital clinics.
We selected the following 13 services to be costed: (1) ANC, (2) PNC, (3) normal delivery, (4) Caesarean-section (C-section), (5) acute respiratory infection (ARI) among children, (6) control of diarrheal diseases (CDD), (7) tuberculosis (TB), (8) reproductive tract infection (RTI), (9) sexually transmitted infection (STI), (10) LCC (services shown in Supplementary Appendix Table S1 excluding RTI, STI and TB), (11) integrated management of child illness (IMCI) excluding CDD and ARI, (12) expanded program on immunization (EPI) and (13) FP services. These services are mainly performed at clinics and encompass a large share of the workload of health providers at clinics.
Sampling health facilities and clients
A stratified sampling approach was conducted to select health facilities for costing. There were 330 static clinics under Smiling Sun network in 2012. Health clinics were stratified by size (small vs large clinics), location (urban vs rural clinics) and type (vital vs ultra clinics). The size of clinics was based on the volume of services provided by clinics in 2012. If the number of clients served at a facility was higher than the median number of clients across all facilities, the facility was categorized as a large one. Otherwise, it was categorized as small one. The sampling gave a priority to rural clinics, given the NHSDP project's focus on expanding quality health services, particularly for the poor in rural areas (Lance et al. 2012) .
From the eight strata of the combination of the three factors, we randomly drew health facilities from each of the strata, with a total sample size of 18 (12 rural facilities and 6 urban facilities), accounting for 5.4% of the total number of static clinics (330 static clinics) in 2012 and representing a relatively large sample size when compared to costing studies in some other countries (McMennamin and Fritsche 2005 , Jarrah 2008 , Collins et al. 2009 Dalaba et al. 2013) .
In each static facility, we collected information from three to five clients for all the maternal and child health services included in this study, except for TB, normal delivery and C-section, FP and EPI. Not all health facilities provide TB, normal delivery and C-section, and thus, the sample size for TB, normal delivery and C-section was smaller. For an example, normal delivery and C-section were only provided in ultra clinics, but not in vital clinics. In addition, outreach programmes play an important role in serving the target population for FP and EPI.
Costing approach and data collection
We adopted the costing approach developed by Hamid and Derriennic (2015) , estimating costs of both direct and indirect resources at both the clinic and NGO levels to deliver a service. The direct resources for service delivery included direct labour (medical doctors or paramedics), lab tests and medicines and supplies, while the indirect resources included supporting staff, building, utilities and equipment.
In principle, we used both top-down and bottom-up costing methods to estimate unit cost for each service. The bottom-up approach, also referred to as the ingredients approach, was applied to cost direct labour, lab tests and medicine and supplies, while the top-down approach was used to estimate costs of overheads for each service. Overheads incorporated costs of supporting staff, who did not interact with patients directly for service provision (e.g. all staff at the NGO level, drivers, cleaners, security guards and administrative staff at health facilities), buildings, equipment and furniture, vehicles, maintenance of vehicles and equipment and utilities (i.e. electricity and water) at both NGO and clinic levels.
Costs of direct labour
To estimate direct labour costs, costs incurred by medical doctors and/or paramedics who were involved in direct provision of health services, we used either time motion or recall approach to measure the duration of effort to provide a patient interaction. For most services except normal and C-section delivery, the time motion approach was used. A checklist documenting the type of provider, the type of services, the starting time when the patient arrived at a provider's desk, and the time when the patient left the room was compiled to measure the time duration. The salaries of medical staff (medical doctors or paramedics) who provided direct medical services to clients were obtained from the health management information system (HMIS) of NGO headquarters.
For normal and C-section delivery, providers were asked to use the recall approach to estimate the time spent with a patient for the last three cases. As normal and C-section deliveries require specialists who were paid on a case basis, the direct labour resources involved in the procedure and the average payment per case were obtained from a checklist. Had there been an inadequate number of clients under the time-motion method, providers were asked to estimate average time spent directly with a patient in the week prior to completing the survey.
Health providers not only provide consultation and treatment to patients, but also have other responsibilities, such as organizing patients' documents and records. It is also likely that there are times when they have to wait for patients. To account for the 'idle' time and non-clinical time, we asked at least one medical doctor and one paramedic per facility to estimate how they allocated their time among the three activities (direct interaction with patients, organization of documents and records and waiting for patients or idling) during the time period of the study survey.
Costs of lab tests, medicine and supplies
The cost of lab tests, medicine and supplies were estimated using a bottom-up approach for all the services, except for FP and EPI. We collected all input items necessary for providing health services to a client. The quantity of lab tests and medicine and/or supplies was obtained from prescription pads for each patient under the observation. The cost of each lab test was estimated using what was charged by the health facility after it was discounted by 20%. Similarly, the cost of medicine and supplies was estimated using market retail price (MRP) of the medicine and supplies from the closest pharmacy after discounting by 20%, assuming the cost is 80% of the MRP (based on the discussion with managers of NGOs and clinics).
For EPI and FP services, costs of supplies and commodities were estimated differently, as their costs depended on the choice of vaccines and contraceptive methods a client received. We obtained MRP of each vaccine and contraceptive method from local informants, and the volume of each type of vaccine and contraceptives a health clinic distributed or sold during July 2014 through June 2015 from the HMIS at NHSDP headquarters. We then generated the weight for each vaccination and FP service by dividing the volume of a particular vaccination and FP service by the total volume of vaccination and FP services. The average costs of EPI and FP supplies per visit were then calculated by aggregating the weighted supply costs (80% of MRP) across different EPI or FP services.
Overhead costs
The component of overhead using the top-down costing approach included salaries of supporting staff, medical equipment, furniture and non-medical equipment, buildings, vehicles, maintenance costs of building and vehicles, and utilities. The data for these components were obtained from the management information system of NGO headquarters and/or from clinic documents.
All capital costs, such as costs of equipment (i.e. computers), furniture and vehicles, were annualized. The lifetime of equipment and furniture was assumed to be 5 years (based on the discussion with managers of NGOs and clinics). A discount rate of 3% was used for annualizing capital costs (Dalaba et al. 2013 , Drummond et al. 2015 .
Allocation of joint costs
To allocate joint costs for a particular service, such as salary of supporting staff and costs of buildings, water, electricity and equipment, we obtained the number of visits for each service and total number of visits in a clinic from the HMIS at the NHSDP headquarters. We generated the ratio of total number of visits at the clinic under the study to that of the NGO that the clinic belonged to as the allocation factor to distribute the costs at the NGO level to the clinic under study.
At the clinic level, a per visit allocation factor for each service was generated to allocate costs at the clinic level to each service under the study, using the formula below:
Time ik Ã Number of visits ik ; where w ik is the per visit allocation factor for service k in health facility i. Time ik and the number of visits ik are the average time that a provider spent on a patient, which was estimated from the study, and the number of visits received for a particular service in the health facility, respectively. This formula indicates that the service requiring longer duration of provider-patient interaction shares a higher portion of the joint costs, resulting in higher overhead, and is more accurate in reflecting the joint resources used for the service under examination than conventional allocation factors that use the share of relevant outputs directly (Conteh and Walker 2004, Routh et al. 2004 ).
Data collection
A questionnaire to collect relevant data on expenditure and resources for providing health services was developed and tested by the research team in two clinics in Dhaka and refined during site visits in July 2015. Data were collected by trained staff. Two teams, each consisting of four members, collected data simultaneously from the 18 static clinics from August 2015 through October 2015. After data were collected, researchers reviewed and verified the data. There were a total of 1115 observations from 18 static clinics included in the analysis.
Data analysis
All the data were entered into Excel spreadsheets (Microsoft Corporation, Seattle, WA) and subsequently imported into STATA (StataCorp LP, College Station, TX) to conduct the analysis. Using the cost information gathered, the cost per visit for each service (e.g. ANC, PNC, normal delivery and FP) was calculated. T-tests were used to compare the unit cost between health facilities of different locations, sizes and types. The composition of the cost per visit was calculated to assess cost drivers of delivering ESP services. A sensitivity analysis was conducted on the cost of lab tests, medicine and supplies, which was assumed to be 80% of the MRP in the main analysis. An assumption of 70 and 90% of MRP for these cost components was applied to estimate the lower and upper estimates of the unit cost, respectively.
To examine the relationship between the unit cost and quality of care, we selected ANC as an example. It is recommended that six lab tests be provided during the first ANC visit. A quality index was generated based on the number of lab tests conducted for each client; 0 means that no lab tests were performed and 1 means that all six recommended lab tests were conducted.
Multi-level regression (MLR) models, with random effects at the health facility level, were constructed to examine factors associated with the unit cost. The factors included: location (x 1 : rural vs urban), type of health facility (x 2 : vital vs ultra), volume of services (x 3 : total number of contacts), square of the volume of services (x 3 2 ) and other available control variables (x c ). The MLR model is expressed as
where i and j represent the ith facility and jth patient, and a i and e ij represent random errors at the facility and individual level. As the unit cost of services is often skewed, we converted it into its logarithmic form and constructed a log linear regression model.
Results
General characteristics of clinics
The average number of CSPs per health facility was 26.6. Each health facility, on average, had 34.5 satellite clinics and 19.7 staff. Clinicians (medical doctors or paramedics), on average, accounted for 29% of all staff in health facilities. The poor accounted for 40% of all clients seeking care in the health facilities. Table 1 shows some general information of the 18 static clinics included in the study.
The number of client contacts varied substantially across health clinics. On average, health facilities had 130 970 contacts during the 1-year period, ranging from 19 172 in Kathal Bagan clinic to 265 208 contacts in Pirganj clinic. Table 2 presents the utilization of services broken down by size, location and type of health facility. As expected, the larger health facilities, on average, treat more clients for all essential services included in the study, except for ANC, RTI and normal delivery. But there was no statistically significant difference between small and large size of health facilities for all the services. Figure 1 shows the service composition at the 18 clinics. We found that FP clients comprised about 40% of total visits, representing the largest patient load at health clinics. The second largest was for other services excluding the 13 services in this costing study, accounting for 18.6% of total client contacts. The 13 essential services composed 81.4% of total client contacts.
Unit cost for services at static clinics
The unit cost of all 13 services is presented in Table 3 . The estimated average costs per visit were: ANC ($7.03), PNC ($4.57), CDD ($1.32), ARI ($1.53), IMCI ($2.02), STIs ($4.70), RTI s ($3.56), TB ($41.65), LCC ($4.30), immunization ($2.23), FP ($0.72), and births by normal delivery ($29.45) and C-section ($114.83) . Given the smaller number of observations for TB, normal and C-section delivery, and the different methods in determining costs of supplies for EPI and FP, the unit cost for those services was not calculated for the three characteristics of size, location and type of health facilities. The results also demonstrated a wide variation of the unit cost for almost all services included in the study. The coefficients of variation, expressed as a ratio of standard deviation to its mean, ranged from 7 to 144%. The sensitivity analysis, using the assumption of 80% of MRP for the cost of lab tests, medicine and supplies, showed that the unit cost of services was relatively stable, with the largest change in TB (612.2%) and the smallest change in delivery (63.6%). Without controlling for other factors, the unit cost in urban clinics was consistently higher than that in rural clinics. Similarly, ultra clinics had higher unit costs for all health services, except for RTI, than vital clinics. However, there was no consistent pattern regarding the unit cost by the size of clinics.
Cost drivers at static clinics
The unit cost of each service was divided into four components: overhead, direct labour costs, costs of lab tests and costs of medicine and supplies. Figure 2 shows the decomposition of the unit costs for the 13 services. Medicine and supplies represented the large share of the cost for all the services except normal and C-section delivery, which were mostly driven by labour costs. Supplementary Appendix Table A2 provides the detailed costs of each component for the 13 services. For the eight services after exclusion of EPI, FP, TB, normal and C-section delivery, medicine and supplies constituted 64.9% of the total unit cost.
Normal and C-section delivery had the largest share of the labour costs of 65.5 and 64.5%, respectively. Both services are labour intensive, requiring medical professionals with specialized skills such as obstetricians and/or gynaecologists and anaesthetists with a much higher payment rate. In addition, both services entail the need for labour not only during the procedure but also after the procedure.
CDD and ARI were the two services with a significant share of overhead costs, which constituted 26.8 and 25.1% of the total unit costs, respectively. The low overall unit cost and low use of lab tests for these two services contributed to the higher share of overhead costs.
Unit costs and volume of services and quality of care
The unit cost of services may change with an increase of the volume of services provided at clinics. Figure 3 , as an example, shows the ANC, antenatal care; PNC, postnatal care; CDD, control of diarrheal diseases; ARI, acute respiratory infection among children; IMCI, integrated management of child illness excluding CDD and ARI; STI, sexually transmitted infection; RTI, reproductive tract infection; TB, tuberculosis; LCC, limited curative care; EPI, expanded program on immunization; FP, family planning; Delivery, normal delivery; C-section, Caesarean-section; Other, services that excluded the above-mentioned 13 services; Diff, differences. *p < 0.10, **p < 0.05, ***p < 0.01. Figure 1 . Distribution of number of services in the 18 study clinics by type of services. Note ANC, antenatal care; PNC, postnatal care; CDD, control of diarrheal diseases; ARI, acute respiratory infection among children; IMCI, integrated management of child illness excluding CDD and ARI; STI, sexually transmitted infection; RTI, reproductive tract infection; TB, tuberculosis; LCC, limited curative care; EPI, expanded program on immunization; FP, family planning; Delivery, normal delivery; C-section, Caesarean-section; Other, services that excluded the above-mentioned 13 services scatter plot of the relationship between unit cost and volume of ANC visits. A 'U'-shaped curve was fitted to the points representing the unit cost of ANC at different clinics. The scatter plot helped to identify outliers and inefficient clinics in providing a particular service. Taking ANC as an example, the average cost per visit in Clinic X was $17.15, much higher than the rest of the health facilities ( Figure 3 ). The quality of ANC visits was not optimal; 32.9% of clients were not offered any lab test during the first ANC visit. This rate is higher in rural than urban clinics (34.6 vs 29.6%), and higher in vital than ultra clinics (37.7 vs. 23.1%). Figure 4 shows the relationship between quality of care and the unit cost for the first ANC visit, suggesting that most health facilities provide some lab tests and the unit cost increases as the quality rises. Table 4 presents results from regression models examining the relationship between unit cost and the three major health facility factors for eight services. Services such as FP, EPI, TB, normal and C-section delivery were excluded from the regression analysis due to the limited number of observations or use of a different methodology in deriving the unit cost.
Determinants of unit costs
We found that urban clinics had consistently higher unit costs after controlling for size and type of clinics. Urban clinics cost 150 and 67.9% more than rural clinics in providing STI and LCC services, respectively. The differences were statistically significant (P < 0.05). Using STI as an example, the average cost for medicine was $4.55 per case in ultra clinics, in contrast to $2.29 in vital clinics. For the rest of the other services except IMCI, the unit cost in urban clinics was higher than that in rural clinics, ranging from 23 to 49.7%. However, the differences were not statistically significant.
After controlling for size and location, the regression analysis shows that ultra clinics consistently incurred higher unit costs than vital clinics. The unit costs for ANC, PNC, STI and LCC in ultra clinics were 38.9, 46.3, 73.2 and 73.3%, respectively, higher than those in vital clinics. The differences were statistically significant (P < 0.05). For other services, ultra clinics showed 5.9-30.2% higher unit costs than vital clinics, and the differences were not statistically significant.
A 'U'-shaped relationship between the unit cost and the volume of services was manifested for the services of IMCI and LCC. The coefficients for the number of visits and square of the number of visits were both statistically significant (P < 0.05). For the remaining services, except for STI, there was a trend of a 'U'-shaped relationship, but was not statistically significant.
The regression models also show that the unit costs vary significantly not only at the individual level, but also at the health-facility level. The unit cost for a particular service in one clinic is quite different from another, and such variation is not negligible. Except for LCC and IMCI, the unexplained variation at the health-facility level accounted for 18.2-65.0% of the total unexplained variation of the unit cost for all the services, suggesting that there were significant differences of service practice patterns among health facilities for some services, such as CDD, STI and RTI.
We then combined all the services together and conducted a regression analysis to investigate the average impact of location, type and size of health facilities on the unit costs across services. The results are presented in Table 5 . We found the urban and ultra clinics, on average, had a higher unit cost in comparison with rural and vital clinics by 39.8 and 37.0%, respectively. There was a trend of a 'U'- À4.58*** USD, US dollars; CV, the coefficient of variation, and is the ratio of standard deviation to the mean; *P < 0.10, **P <0.05, ***P < 0.01. D indicates services that exclude TB, EPI, FP, Delivery and C-section. Because of the differences in methods in estimating costs for EPI and FP and the requirement of the type of facilities for performing normal delivery and C-section, their costs could not be breakdown by size, location and type of facility.
Lower and upper estimates were based on the assumption that the cost of lab tests, and medicine and supplies were 70 and 90% of MRP, respectively. ANC, antenatal care; PNC, postnatal care; CDD, control of diarrheal diseases; ARI, acute respiratory infection among children; IMCI, integrated management of child illness excluding CDD and ARI; STI, sexually transmitted infection; RTI, reproductive tract infection; TB, tuberculosis; LCC, limited curative care; EPI, expanded program on immunization; FP, family planning; Delivery, normal delivery; C-section, Caesarean-section.
shaped relationship between the unit cost and the volume of services. Using ARI as a reference group, the unit cost for CDD and IMCI was similar to that of ARI, while the other services showed a statistically significant difference of the unit cost from ARI. Compared with the unit cost of ARI, the unit costs for ANC, PNC, STI, RTI and LCC were 149.6, 97.8, 102.2, 70.3 and 86.5% higher, respectively.
Discussion
This study estimates the unit cost of 13 services and found a wide variation of unit cost for delivering ESP in the Smiling Sun network in Bangladesh. The coefficient of variation for the 13 services under the analysis, on average, is 66%. The study also shows that there is a wide variation of unit cost of services at both individual and clinic levels. The unit cost of essential services differed by type, location and size of clinics. The regression model shows that 51% of variation of unit costs could be explained by these three factors and service dummy variables. Overall, ultra clinics have a higher unit cost than vital clinics, urban clinics tend to have a higher unit cost than rural ones, and there exists a 'U'-shaped relationship between unit cost and the total volume of services provided by the clinic for some services. Globally, unit cost of health services provides important information for policy making, and thus many costing studies have been conducted in the last decades in developing countries. In Bangladesh, several costing studies were conducted (Ensor et al. 2003 , Routh et al. 2004 , Barkat et al. 2007 , Chankova et al. 2010 , Khan et al. 2012 . Many other countries, such as Cambodia, Liberia, Kenya, Haiti, Rwanda, Somalia and Burkina Faso, also conducted costing studies on primary health services (Mugisha et al. 2002 , Collins et al. 2009 Jarrah 2009 , Flessa et al. 2011 , Cros et al. 2012 , Blaakman 2014 . Most of these countries conducted costing studies in NGO health facilities, which are comparable to those in this study. As the unit of services can be defined in different ways, the unit cost can also be expressed in various forms, such as cost per visit for a particular service, cost per outpatient visit, cost per bed, cost per inpatient admission and so on. Although cost per outpatient visit is also widely used for costing studies, the unit cost measured in this way could be substantially confounded by the mix of patients and thus, cannot be readily used to compare performance among health facilities.
As the unit cost is measured as the cost per visit of a particular service, it eliminates the confounding of patient mix in health facilities. Thus, the unit cost is more comparable across health facilities, regions and countries. ANC is a service that has been costed in many studies. Figure 5 shows the unit cost per ANC visit in a relationship with gross domestic product (GDP)/capita from eight countries (linear and quadratic relationship); the unit cost per ANC visit ranges from $3.83 in Burkina Faso, the minimum (Mugisha et al. 2002) to $21.00 in Ghana (Dalaba et al. 2013) after converting the unit cost from the literature to 2014 US dollars. For most countries, the unit cost per ANC visit varies between $5 and $11 dollars, notably in Malawi, Kenya, Haiti, Rwanda and Somalia (Blaakman and Asperas 2011 , Collins et al. 2011 , Flessa et al. 2011 , Cros et al. 2012 , Blaakman 2014 . The cost per ANC visit in Bangladesh is estimated at $7.03, which falls within the range of the unit costs that most countries incur. The figure also shows that the unit cost of The dependent variable is the natural log of the unit cost, and the model controls for share of the poor clients; *P < 0.10, **P < 0.05, ***P < 0.01; Ratio represents the ratio of unexplained variance at the health-facility level to the total unexplained variance. Ln(sd_group) and Ln(sd_e) denote the natural log of standard deviation of unit costs at the health facility and individual levels. Our estimates of unit cost for normal and C-section delivery in Bangladesh are $29.45 and $114.83, respectively. These numbers are lower than what is found in Pakistan of $40 and $162 for normal delivery and C-section, respectively (Khan and Zaman 2010) . But our estimate of cost per C-section is much higher than what was reported in Uganda of $70 (Lofgren et al. 2015) in a public and a private not-for-profit hospital. Compared with estimates of $60.53 for normal delivery and $74.03 for C-section conducted by the Health Finance and Governance Project at the similar time of this study (Hamid 2015) , our estimates are much lower for normal delivery and higher for C-section delivery. Given that the number of C-section cases is relatively small, such discrepancy may reflect more the random errors from the sample selection and regional differences.
The study shows that the unit cost is higher in ultra and urban clinics. Across all services in the study, the unit cost in ultra clinics is $37% higher than vital clinics, and the unit cost in urban clinics is 39.8% higher than that of rural areas. The major reason for the difference between ultra and vital clinics is that ultra clinics have a much larger component of medicine and supplies than vital clinics, particularly for the services of ANC, PNC, STI and RTI. When comparing rural and urban clinics, not including the cost differences of medicine, low lab costs in rural clinics is another factor explaining why urban clinics cost more than rural ones. This may suggest low availability of lab tests in rural areas, raising quality concerns of services in rural areas. Given the differences of unit costs of services between rural and urban clinics and between ultra and vital clinics, a different payment rate should be considered when donors are contracting health providers or health providers charge patients.
The wide variation of the unit costs may also link to the variation of quality of care, resulting from not only the providers' practice behaviour, but also from the availability of lab tests at clinics. Thus, it is important to reinforce treatment protocols in health facilities where the quality has been a concern and to improve the infrastructure of health facilities not offering basic lab tests. Such improvements in the quality of care may be a means to attract more clients. NHSDP has begun plans to address some of these concerns, focusing on both quality of care and efficient of use of resources.
Of all the services included in this study, with the exceptions of normal and C-section delivery, medicine and supply costs dominate the unit cost of service provision, representing $50% or more of the unit cost. One study reporting on Uganda, Ghana and Malawi, found that medicine and supplies were the most costly component of maternal health services, comprising, on average, half of the unit costs of services (Levin et al. 2003) . In our study, personnel costs were captured by direct labour costs and a portion of overhead (i.e. costs of supporting staff). Considering the different categorization of costs, it is understandable that the share of direct labour is relatively small compared with the personnel costs reported in other costing studies. However, our results are quite consistent with international literature that costs of medicine and personnel are major components of service delivery costs. In Cambodia, assuming the minimum package of health services covers up to 60% of the population, personnel and medicine costs would respectively represent 38 and 52% of total costs (Collins et al. 2009 ). In Rwanda, medicine costs and personnel comprise, respectively, 38 and 42% of the cost of the minimum package of health services (Collins et al. 2011) . As medicine costs comprise a substantial share of total unit costs, policy makers and planners should consider designing programmes that fully or partially cover medicine costs in the benefits package to provide financial protection to patients and population (Zeng and Kim 2014) .
This study provides rich information on unit costs for various essential services in Bangladesh. However, obtaining and deriving the unit cost is often just the first step for policy analysis. The unit cost information, if supplemented with data from other sources, such as epidemiological and demographical data, could be used for generating more evidence for programme planning, policy designing, evaluation and decision-making (Ensor et al. 2003) . As Bangladesh strives to scale up services to meet the goal of universal health coverage, this cost information would be useful for designing future health insurance schemes, such as setting up health insurance premiums and establishing the reimbursement rate for a particular service. As an example, the study found variations of unit cost between ultra and vital clinics and rural and urban clinics. When reimbursing health facilities for providing services, different rates should be considered by the location and type of clinics. This study has several features worth mentioning. First, this study uses the time motion approach to estimate the service provider's time and then to derive the costs of direct labour for a particular service, providing more accurate estimates of the labour costs, compared with studies where costs of labour were estimated using the allocation of time among services. Second, this study estimates the unit cost of services at the individual level. For each client under the study, a cost per visit was derived and the cost per visit was then aggregated at the facility level. Unlike many studies that estimate the unit cost only at the health facility level (Collins et al. 2009 (Collins et al. , 2011 Blaakman 2014) , our estimates allow us to distinguish the variation of the unit cost between the clinic level from the individual level, providing more accurate estimation of unit costs and suggesting that facility characteristics, physicians' practice behaviour, and patients' conditions jointly determine the unit cost of health services. Finally, by using a regression model, this study could examine the cost differences of one characteristic while controlling for others.
There are a few limitations of this study that should be acknowledged. First, this study focuses on Smiling Sun clinics, and thus the The dependent variable is the natural log of the unit cost; *P < 0.10, **P < 0.05, ***P < 0.01 results cannot be generated for all NGO and public health facilities in Bangladesh. Particularly, the Smiling Sun network has not kept up with recent changes in government salaries for doctors and other health care staff. Over the past 3-4 years, health personnel salaries in the government sector have increased at astonishing rates to levels that are significantly higher than what has been maintained in the Smiling Sun network. Second, we assume a useful life of 5 years for all capital goods, such as equipment and furniture, and this may result in biases of estimation. Some equipment lasts longer, while others have a shorter life expectancy. Since overhead shoulders a small share of unit costs for most health services, the impact of this assumption is likely to be minimal. Third, the assumption that the procurement cost of medicine and supplies and cost of lab tests are 80% of MRP is somewhat arbitrary. Finally, the small sample size for TB (7 cases), normal delivery (18 cases) and C-section (12 cases) results in unstable estimates of the unit costs of these three services. Fortunately, these three services are quite standard in terms of treatment procedure, which mitigates the concern of the small sample size to some degree.
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